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STEM Degrees: 0 STEM Participants: 0

Major Goals: The more we known about batteries, the less we take them for granted. The significant research and
development of electrochemical energy storage systems have allowed for practical and theoretical descriptions of
ionic transport in liquids, solids and across interfaces. Advanced in-situ and in-operando characterization
techniques have helped us to gain understanding of fundamental processes in battery materials or battery devices
revealing intricate connections between those processes and electrochemical performance.

We are now tasked with an even taller order than just understanding a battery: we have to make a battery so well
that we can take it for granted and it becomes "invisible". The performance gains enabled by the above
understanding has created consumer batteries that surpass current power and energy densities metrics while
lasting longer, all at lower cost.

To meet this challenge and maximize the current opportunity within batteries we must come together as a
community to integrate our knowledge across the entire community from Theory to Realization to Safety. This
Batteries GRC focused on the big challenges and opportunities we have today utilizing all the information we have
at hand and identifying the pathway forward. This requires the identification of still existing knowledge gaps, the
transfer of information across different time and length scales, and the alignment with theory. This was done by
looking at state-of-the-art in-situ and in-operando characterization techniques that featured new and upcoming
techniques which can help close knowledge gaps. At the same time, we focused on theoretical perspectives on
multiple length scales. In addition, strategies to improve existing battery concepts were discussed in the context of
new materials and material designs as well as new energy storage concepts.

A daily poster session gave opportunities for scientific discussion and a Gordon Research Seminar preceding the
meeting gave graduate students and postdocs the chance to present their view on big challenges and opportunities
and advances in battery research.

Accomplishments: Report Uploaded

Training Opportunities: Speakers, discussion leaders, poster presenters and attendees simultaneously
contributed to and benefited from the collective skills and experience shared throughout the conference.

Results Dissemination: The final program has been posted on the GRC website.
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Operational Summary

The Gordon Research Conference (GRC) on Batteries was held at the Four Points Sheraton in Ventura, California
from February 25-March 2, 2018. The meeting covered a variety of scientific topics and the content presented was
highly rated by participants.

qb Conference Participants

The Conference was well-attended with 196 participants. Scientists from academia represented 83% of the
participants while attendees from government accounted for 10% and those from industry totaled 7%. The meeting
also attracted a strong mix of young investigators and senior scientists. Students and post-docs accounted for 54%
of all attendees. Approximately 38% of the participants at the 2018 meeting were women.
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Conference Program

The more we known about batteries, the less we take them for granted. The significant research and development of
electrochemical energy storage systems have allowed for practical and theoretical descriptions of ionic transport in
liquids, solids and across interfaces. Advanced in-situ and in-operando characterization techniques have helped us to
gain understanding of fundamental processes in battery materials or battery devices revealing intricate connections
between those processes and electrochemical performance.

We are now tasked with an even taller order than just understanding a battery: we have to make a battery so well
that we can take it for granted and it becomes "invisible". The performance gains enabled by the above
understanding has created consumer batteries that surpass current power and energy densities metrics while lasting
longer, all at lower cost.

To meet this challenge and maximize the current opportunity within batteries we must come together as a
community to integrate our knowledge across the entire community from Theory to Realization to Safety. This
Batteries GRC focused on the big challenges and opportunities we have today utilizing all the information we have
at hand and identifying the pathway forward. This requires the identification of still existing knowledge gaps, the
transfer of information across different time and length scales, and the alignment with theory. This was done by
looking at state-of-the-art in-situ and in-operando characterization techniques that featured new and upcoming
techniques which can help close knowledge gaps. At the same time, we focused on theoretical perspectives on
multiple length scales. In addition, strategies to improve existing battery concepts were discussed in the context of
new materials and material designs as well as new energy storage concepts.




A daily poster session gave opportunities for scientific discussion and a Gordon Research Seminar preceding the
meeting gave graduate students and postdocs the chance to present their view on big challenges and opportunities
and advances in battery research.

Conference Budget
Funding provided by the Army Research Office supported partial registration for 4 professors and 1 assistant
professor at the GRC.

Conference Feedback

Participants had an opportunity to provide feedback at the end of the Conference. The feedback collected from the
meeting was extremely positive. Evaluations included numerous positive remarks regarding the diversity of speakers
and topics, networking opportunities and the poster sessions.

GRC would like to thank the Army Research Office for its continued support of the meetings. The contributions
received have been critical to the success of the conferences and are having a measurable impact in advancing the
frontiers of science worldwide.

Dr. Nina Balke, Chair Dr. Dan Steingart, Vice Chair
Oak Ridge National Laboratory Princeton University

Dr. Nancy Ryan Gray
President and Chief Executive Officer
Gordon Research Conferences




Batteries
Gordon Research Conference
The Opportunity in the Invisible: Integrating Theory, Synthesis, Characterization and System Validation for
the Battery of Tomorrow
February 25 - March 2, 2018

Chair Nina Balke
Vice Chair Dan Steingart

Conference Program

Sunday

4:00 pm - 8:00pm Arrival and Check-in

6:00 pm - 7:00 pm Dinner

7:30 pm - 7:40 pm Introductory Comments by GRC Site Staff / Welcome from the GRC Chair

7:40 pm - 9:30 pm Beyond Li-lon Batteries
Discussion Leader: Venkat Viswanathan (Carnegie Mellon University, USA)

7:40 pm - 8:20 pm Debra Rolison (U.S. Naval Research Laboratory, USA)
"Architectural Design in 3D Physically Thwarts Dendrite Formation—With Zinc Batteries Now
Rechargeable, What’s Next?"

8:20 pm - 8:35 pm Discussion

8:35 pm - 9:15 pm M. Rosa Palacin (Institut de Ciéncia de Materials de Barcelona, CSIC, Spain)
"The Long and Winding Road Towards Ca-Based Batteries"

9:15 pm - 9:30 pm Discussion

Monday

7:30 am - 8:30 am Breakfast

8:30 am - 9:00 am Group Photo

9:00 am-12:30 pm  Characterization and Quantitative Diagnostics
Discussion Leader: Robert Kostecki (Lawrence Berkeley National Laboratory, USA)

9:00 am - 9:40 am Erik Berg (Paul Scherrer Institute, Switzerland)
"Development and Application of Online Electrochemical Mass Spectrometry for Li-lon
Batteries"

9:40 am - 10:00 am Discussion
10:00 am - 10:30 am  Coffee Break

10:30 am - 11:10 am  Vanessa Wood (ETH Zurich, Switzerland)
"How Should We Be Designing Separators?"

11:10 am - 11:30 am  Discussion

11:30 am - 12:10 pm  Hassina Bilheux (Oak Ridge National Laboratory, USA)
"Characterization of Li Batteries Using Neutron Radiography and Computed Tomography"

12:10 pm - 12:30 pm  Discussion
12:30 pm - 1:30 pm  Lunch

1:30 pm - 4:00 pm Free Time
3:00 pm - 4:00 pm Power Hour




4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 8:10 pm

8:10 pm - 8:30 pm
8:30 pm - 9:10 pm

9:10 pm - 9:30 pm

Tuesday
7:30 am - 8:30 am

9:00 am - 12:30 pm

9:00 am - 9:40 am

9:40 am - 10:00 am

10:00 am - 10:30 am
10:30 am - 11:10 am

11:10 am - 11:30 am
11:30 am - 12:10 pm

12:10 pm - 12:30 pm

12:30 pm - 1:30 pm
1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 8:10 pm

8:10 pm - 8:30 pm
8:30 pm - 9:10 pm

The GRC Power Hour is an optional informal gathering open to all meeting participants. It is
designed to help address the challenges women face in science and support the professional
growth of women in our communities by providing an open forum for discussion and mentoring.
Organizer: Nina Balke (Oak Ridge National Laboratory, USA)

Poster Session
Dinner

Insights from Industry
Discussion Leader: Mary Patterson (EnerDel, Inc., USA)

Quinn Horn (Exponent, USA)
"An Industry Perspective of Batteries"

Discussion

Yan Wang (Samsung Research America, USA)
"Solid Electrolytes Research in Industry™

Discussion

Breakfast

Battery Reliability and Safety
Discussion Leader: Jeff Dahn (Dalhousie University, Canada)

Hubert Gasteiger (Technical University of Munich, Germany)
"Insights into Lithium-lon Battery Degradation Mechanisms via On-Line Electrochemical Mass
Spectrometry”

Discussion
Coffee Break

Summer Ferreira (Sandia National Laboratories, USA)
"Battery Failure from a Materials, Electrochemical and Thermal Modeling Perspective"

Discussion

Patrik Johansson (Chalmers University of Technology, Sweden)
"Pure, Hybrid and Polymerized lonic Liquid Based Electrolytes"

Discussion

Lunch

Free Time

Poster Session

Dinner

Multi-Scale Theory

Discussion Leader: Alan West (Columbia University, USA)

Scott Roberts (Sandia National Laboratories, USA)
"Modeling Mechano-Electrochemical Phenomena from the Mesoscale to the Macroscale™

Discussion

Arnulf Latz (German Aerospace Center, Helmholtz Institute Ulm, Germany)
"Pore Scale Resolved Simulations and Theory Based Modeling: Tools for Exploring the Inner Life
of a Battery"




9:10 pm - 9:30 pm
Wednesday

7:30 am - 8:30 am
9:00 am - 12:30 pm

9:00 am - 9:40 am

9:40 am - 10:00 am
10:00 am - 10:30 am
10:30 am - 11:10 am

11:10 am - 11:30 am
11:30 am - 12:10 pm

12:10 pm - 12:30 pm
12:30 pm - 1:30 pm
1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:00 pm - 7:30 pm

7:30 pm - 9:30 pm

7:30 pm - 8:10 pm

8:10 pm - 8:30 pm
8:30 pm - 9:10 pm

9:10 pm - 9:30 pm
Thursday

7:30 am - 8:30 am
9:00 am - 12:30 pm

9:00 am - 9:40 am

9:40 am - 10:00 am
10:00 am - 10:30 am
10:30 am - 11:10 am

Discussion

Breakfast

Solid Electrolytes
Discussion Leader: Yan-Yan Hu (Florida State University, USA)

Nitash Balsara (University of California, Berkeley, USA)
"Ohm's Law and lon Transport in Solid Polymer Electrolytes™

Discussion
Coffee Break

Erik Herbert (Michigan Technological University, USA)
"Coupling Between the Mechanical Behavior of Lithium and Device Performance

Discussion

Miaofang Chi (Oak Ridge National Laboratory, USA)
"Microscopic Insights into Interfacial lon Conduction in All-Solid-State Batteries”

Discussion
Lunch

Free Time
Poster Session
Dinner

Business Meeting
Nominations for the Next Vice Chair; Fill in Conference Evaluation Forms; Discuss Future Site
and Scheduling Preferences; Election of the Next Vice Chair

New Battery Concepts
Discussion Leader: Martin Winter (University of Muenster, Germany)

Yury Gogotsi (Drexel University, USA)
"Multidimensional Materials and Electrode Architectures for High-Rate Hybrid Energy Storage"

Discussion

Kang Xu (U.S. Army Research Laboratory, USA)
"Making Batteries Safe and Flexible with Water"

Discussion

Breakfast

New Compounds for Energy Storage
Discussion Leader: Ying Shirley Meng (University of California, San Diego, USA)

Veronica Augustyn (North Carolina State University, USA)

"Layered and 2D Metal Oxides with Nanoconfined Fluids for Electrochemical Energy Storage"
Discussion

Coffee Break

Guihua Yu (University of Texas at Austin, USA)

"A Chemistry and Material Perspective on Lithium Redox Flow Batteries for Large-Scale Energy
Storage"




11:10 am - 11:30 am
11:30 am - 12:10 pm

12:10 pm - 12:30 pm

12:30 pm - 1:30 pm
1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 8:10 pm

8:10 pm - 8:30 pm
8:30 pm - 9:10 pm

9:10 pm - 9:30 pm
Friday

7:30 am - 8:30 am
9:00 am

Contributors

Gordon Research

Frontiers of Science

Discussion

Magdalena Graczyk-Zajac (TU Darmstadt, Germany)
"Challenges and Opportunities of the Highly Porous Silicon Embedded in the Carbon/Ceramic
Matrix"

Discussion
Lunch

Free Time
Poster Session
Dinner

Microstructure Design
Discussion Leader: Petr Novak (Paul Scherrer Institute, Switzerland)

Dean Wheeler (Brigham Young University, USA)
"Variations in Microstructure and Conductive Properties of Porous Li-lon Electrodes”

Discussion

Gleb Yushin (Georgia Institute of Technology, USA)
"Conversion-Type Active Materials and Processes for Safer, Higher Energy Density Batteries"

Discussion

Breakfast

Departure
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